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This paper deals with the optimal location and parameters of Unified Power Flow Controllers (UPFCs) in 
electrical power systems, using particle swarm optim i z a t i o n  ( P S O ) .  T h e  o b j e c t i v e  i s  t o  m a x i m i z e  t h e  
transmission system loadability subject to the transmission line capacity limits and specified bus voltage 
levels. Using the proposed  method, the location of UPFCs and their parameters are optimized 
simultaneously. PSO is used to solve the above non-linear programming problem for better accuracy. The 
proposed approach is examined and tested on IEEE 30-bus system and IEEE 118-bus system. The results 
obtained are quite promising for the power system operation environment. 
Keywords:  Unified Power Flow Controller (UPFC), system loadability maximization, Particle 
Swarm Optimization (PSO), Evolutionary Computation, power flow.  
1. INTRODUCTION 
In recent years, with the deregulation of the electricity market, the traditional practices of 
power systems have been changed a lot. Years of under investment in the transmission 
sector in many electricity markets has drawn attention to better utilize the existing 
transmission lines. The advent of FACTS devices based on the advancement of 
semiconductor technology opens up new opportunities for increasing the capacities of the 
existing transmission systems [1, 2]. 
The UPFC is one of the most promising FACTS devices in terms of its ability to control 
power system quantities. It can either simultaneously or selectively control the active and 
reactive power flow through the lines and also bus voltages [3-7]. The above mentioned 
salient features rendered by UPFCs depend on the configuration of UPFCs. Hence, for the 
practical implementation of UPFCs in a power system, a systematic procedure is needed in 
finding the optimal location and parameters of UPFCs. By optimally placing the UPFCs, it 
is possible to minimize transmission loss, minimize power generation cost, maximize the 
loadability of the transmission system etc. 
Some papers have been published on solving the optimal location of FACTS devices 
with respect to different purposes and methods [1, 8, 9]. In [1], Genetic Algorithm has been 
applied for the optimal placement of multi-type FACTS devices including TCSC, TCPST, 
TCVR and SVC to maximize the loadability of transmission lines. In [8], an approach 
based on augmented Lagrange multiplier method has been used to determine the optimal 
location of UPFCs to be installed. An improved evolutionary programming has been used 
to find the optimal location of UPFCs in [9] with the purpose of increasing the system 
loadability. A deterministic based method has been applied to evaluate the network losses. J. Electrical Systems 2-2 (2006): 82-94 
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The present objective of this paper is to analyze, once more, the problem of system 
loadability maximization. However, the tool of analysis employed is particle swarm 
optimization which is a new evolutionary computational stochastic technique. The main 
advantages of using PSO are that, it can generate high quality solutions within shorter 
calculation time and has more stable convergence characteristic compared to other 
stochastic methods [11]. The application of this tool to power system problems has been 
found in some papers [10-12]. For example, [10] focuses on the problem of fuel cost 
minimization. 
The PSO method is very recent in the literature. The main idea is based on the food 
searching behavior of birds. Each individual in PSO flies in the search space with a 
velocity. It is this velocity which is dynamically adjusted according to its own flying 
experience and its companions’ flying experience. Here, the global and local best positions 
are computed at each iteration and the output is the new direction of search. Making use of 
this PSO technique, the proposed method can find high-quality solutions reliably with faster 
convergence characteristics in a reasonably good computation time. 
Finding the optimal placement and parameters of UPFCs for maximizing the system 
loadability is a large scale non-linear optimization problem. In this paper, a novel technique 
is proposed to increase the system loadability. PSO applied for optimal placement of 
UPFCs is evaluated on IEEE 30-bus and IEEE 118-bus power systems. Simulation results 
show that the proposed approach converges to better solutions with lesser computational 
burden. 
2. UPFC EQUIVALENT CIRCUIT AND POWER EQUATIONS  
2.1 UPFC Equivalent Circuit  
In this paper, a simplified equivalent circuit of UPFC given in [9] is used and is shown 
in Figure 1. 
 
Figure 1: Equivalent circuit of UPFC. 
The three controllable parameters of UPFC are  T V ,  T φ  and  q I .  T V  denotes the magnitude 
of the voltage injected in series with the transmission line through the series transformer. 
T φ  is the phase angle of this voltage.  q I  is the shunt reactive current of UPFC. The UPFC 
parameters  T V ,  T φ   and  q I   are chosen within a range due to physical and economic 
limitations. 
min max ,,0 , 2 TTT T VVV φπ ⎡⎤ ⎡ ⎤ ∈∈ ⎢ ⎥ ⎢⎥ ⎣ ⎦ ⎣⎦   
max max , qq q II I ⎡⎤ ∈− ⎢⎥ ⎣⎦   
The limits of UPFC parameters are taken from [13].  S. T. Jaya Christa & P. Venkatesh: Optimal Placement of Unified Power Flow Controllers ... 
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2.2 UPFC Power equations  
The equivalent circuit of UPFC embedded in transmission line i-j is shown in Figure 2. 
The two power injections ( () () ,  ii n j ii n j PQ ) and ( () () ,  j inj j inj PQ ) of the UPFC are calculated 
according to the following expressions [13]: 
() () () () 2' i inj ij j T j T ij j T j T i T i T PG e e f f B f e e f G e e f f = − ++ − ++        ( 1 )  
() () () '' ii n j iT iT iT iT iq QG f e e f B e e f f V I = −− + −              ( 2 )  
() () () j inj ij j T j T ij j T j T PG e e f f B f e e f = − + −−                ( 3 )  
() () () j i n j i jj T j T i jj T j T QG e f f e B e e f f = − ++                ( 4 )  
Where: 
() () ,  i inj j inj PP  : the active power injections at bus i and j, respectively; 
() () ,  i inj j inj QQ  : the reactive power injections at bus i and j, respectively;  
i e , i f  : real part and imaginary part of voltage at bus i; 
j e , j f  : real part and imaginary part of voltage at bus j; 
,  TT ef  : real part and imaginary part of voltage of series voltage source, respectively and  
=c o s ( ) ,  s i n ( ) TT TT T T eV f V φφ =  
i V  : the voltage magnitude of bus i ; 
, , ,  ij ij ij ij GBgb : the parameters of line  - ij  
', ' ij ij ij ij GGg BBb =+ =+  
 
Figure 2: Equivalent circuit of UPFC embedded branch. 
According to equations (1) – (4), the additional elements of Jacobian Matrix at the bus i  
and  j  are: 
For bus i , when ij ≠  
() ii n j
ij ij T ij T
j
P
HG f B e
f
∂
Δ == − +
∂
                   ( 5 )  
() ii n j
ij ij T ij T
j
P
NG e B f
e
∂
Δ == −−
∂
                  ( 6 )  J. Electrical Systems 2-2 (2006): 82-94 
 
  85 
() 0
ii n j
ij
j
Q
M
f
∂
Δ ==
∂
                        ( 7 )  
() 0
ii n j
ij
j
Q
L
e
∂
Δ ==
∂
                       ( 8 )  
when ij =  
() 2'
ii n j
ii T
i
P
HG f
f
∂
Δ ==
∂
                       ( 9 )  
() 2'
ii n j
ii T
i
P
NG e
e
∂
Δ ==
∂
                       ( 1 0 )  
() '' /
ii n j
ii T T i q i
i
Q
MG f B e e I V
f
∂
Δ == −− −
∂
               ( 1 1 )  
() '' /
ii n j
ii T T i q i
i
Q
LG e B f f I V
e
∂
Δ == −−
∂
                ( 1 2 )  
For bus j, when  ji ≠  
() 0
ji n j
ji
i
P
H
f
∂
Δ ==
∂
                        ( 1 3 )  
() 0
ji n j
ji
i
P
N
e
∂
Δ ==
∂
                        ( 1 4 )  
() 0
ji n j
ji
i
Q
M
f
∂
Δ ==
∂
                        ( 1 5 )  
() 0
ji n j
ji
i
Q
L
e
∂
Δ ==
∂
                        ( 1 6 )  
when  ji =  
() ji n j
jji j T i j T
j
P
HG f B e
f
∂
Δ == −−
∂
                   ( 1 7 )  
() ji n j
jji j T i j T
j
P
NG e B f
e
∂
Δ == − +
∂
                   ( 1 8 )  
() ji n j
jji j T i j T
j
Q
MG e B f
f
∂
Δ == − +
∂
                   ( 1 9 )  
() ji n j
jji j T i j T
j
Q
LG f B e
e
∂
Δ == +
∂
                    ( 2 0 )  S. T. Jaya Christa & P. Venkatesh: Optimal Placement of Unified Power Flow Controllers ... 
 
  86 
3. PSO 
3.1 Overview 
The PSO is a population-based optimization tool first proposed by Kennedy and 
Eberhart [14]. PSO is basically developed through simulation of bird flocking or fish 
schooling in two-dimensional space. 
The advantages of PSO compared to other evolutionary computational techniques are: 
1. PSO is easy to implement. 
2. There are few parameters to be adjusted in PSO. 
3. All the particles tend to converge to the best solution quickly. 
3.2 PSO Algorithm  
The PSO algorithm is presented below. 
1.  The technique is initialized with a population of random solutions or particles and 
then searches the optima by updating generations. Each individual particle i  has the 
following three properties: a current position in search space  i x , a current velocity 
i v  and a personal best position in search space  i y . 
2.  In every iteration, each particle is updated by the following two best values. The first 
one is the personal best position  i y  which is the position of particle i  in the search 
space, where it has achieved the best solution so far. The second one is the global 
best position y   which is the position yielding the best solution among all the  i y ’s. 
The personal and global best values are updated at time t  using equations (21) and 
(22) respectively. Here it is assumed that the swarm has s  particles. 
Thus,  1..... is ∈  and assuming minimization of the objective function  f , 
()
() () () () ()
() () () () ()
,1
1
1, 1
ii i
i
ii i
yt i f fyt fxt
yt
xt i f f yt f xt
⎧ ⎪ ≤ + ⎪ ⎪ += ⎨ ⎪ +> + ⎪ ⎪ ⎩
            ( 2 1 )  
() () () {} () ()
() () () () {}
1
1
, ....., |
min , ....
s
s
yt y t y t fyt
fy t fy t
∈ = 
                 ( 2 2 )  
3.  After finding the two best values, each particle updates its velocity and current 
position. The velocity of the particle is updated according to its own previous best 
position and the previous best position of its companions and is given by equation 
(23).  
    For all dimensions  1 jn ∈ " , 
() () () () () () () () [ ] ,, 1 1 , , , 2 2 , , 1 ij ij j ij ij j j ij vt w vt c rt yt xt c rt y t xt ⎡ ⎤ += + − + − ⎢ ⎥ ⎣ ⎦
  (23) 
  Two pseudorandom sequences  1 ~ (0,1) rU  and  2 ~( 0 , 1 ) rU  are used to affect the 
stochastic nature of the algorithm. This new velocity is then added to the current 
position of the particle to obtain its next position. J. Electrical Systems 2-2 (2006): 82-94 
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()() () 11 ii i xt xt vt += + +                     ( 2 4 )  
  Particle velocities on each dimension are clamped to a maximum velocity  max v  
which is given by, 
max max,0 . 1 1 . 0 vk x w h e r ek =× ≤≤                   ( 2 5 )  
   Where  max x  is the domain of the search space.  
  The acceleration coefficients  1 c  and  2 c  control the distance moved by a particle in 
an iteration. The inertia weight w  in (23) controls the convergence behavior of 
PSO. Usually the value of w  is linearly decreased from 1 to near 0 over the 
execution. The inertia weight w  is set according to the following equation: 
max min
max
max
ww
ww i t e r
iter
−
= −⋅                     ( 2 6 )  
   where  itermax is the maximum number of iterations, and iter is the current iteration 
number. Reference [10] presents an useful dictionary about PSO. 
3.3 PSO Parameter Control 
The parameters to be controlled while using PSO are listed below. 
A. Number of particles 
The typical range of number of particles to be used is 20 to 60. For most of the problems, 
10 particles are sufficient to obtain good results. For some difficult or special problems, we 
can go for 100 to 200 particles. 
B. Dimension of particles 
This is determined by the problem to be optimized. 
C. Range of particles 
This also depends on the problem to be optimized. We can specify different ranges for 
different dimension of particles. 
D. Maximum velocity  max v  
max v  determines the maximum change a particle can take in an iteration. Usually the range 
of the particle is taken as  max v .  
E. Acceleration coefficients 
Usually the acceleration coefficients c1 and c2 are taken as 2. However, we can also use 
other values. But usually c1 equals to c2 and ranges from 0 to 4.  
F. Stop condition 
The stop condition is based on the maximum number of iterations to be executed or the 
minimum error required in the problem. This is also determined by the problem to be 
optimized. 
4. PROBLEM FORMULATION 
The main goal of optimization is to increase the power transmitted by a transmission S. T. Jaya Christa & P. Venkatesh: Optimal Placement of Unified Power Flow Controllers ... 
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network as much as possible, by optimally placing the UPFCs and also keeping the power 
system in a secure state in terms of branch loading and bus voltage levels.  
In most of the optimization problems, the constraints are considered by using penalty 
terms in the objective function. Here also, the objective function used, penalizes the 
configuration of UPFCs which cause overloaded transmission lines and over or under 
voltages at buses [1]. Only, the technical benefits of UPFCs, in terms of loadability, are 
considered in this paper. The cost of UPFCs is not accounted in this research. 
This multi-criteria constrained optimization problem is converted into a single objective 
optimization problem with the objective function as a sum of two terms with individual 
criteria. 
The first term, Ovl  is related to branch loading and penalizes overloads in the lines. The 
second term, Vt is related to bus voltage levels and penalizes for bus voltages which are not 
between 0.9 and 1.1 p.u.  
Therefore, for a configuration of UPFCs, the objective function, f is given by,  
Minimize  line bus
line bus
f Ovl Vt = ∏ + ∏                  ( 2 7 )  
where, 
max
1m a x
1;
;
pq pq
pq pq
if P P
Ovl
Pf if P P
≤ ⎧ ⎪ ⎪ =⎨ ⎪ > ⎪ ⎩
                    ( 2 8 )  
2
1; 0.9 1.1
;
b if V
Vt
Pf otherwise
≤≤ ⎧ ⎪ ⎪ = ⎨ ⎪ ⎪ ⎩
                    ( 2 9 )  
pq P  : Line flow between buses p and q 
max pq P  : Line flow limit for line between buses p and q 
1 Pf  : Penalty factor for penalizing the overloaded lines.  
b V  : Voltage at bus b 
2 Pf  : Penalty factor for penalizing the voltage  deviation at the buses. 
For a configuration of UPFCs, if the constraints are satisfied, the value of the objective 
function is equal to 2. Also, equal value is given for both the penalty factors. 
5. PSO IMPLEMENTATION FOR OPTIMAL PLACEMENT OF UPFCS 
5.1 Construction of Particle 
The configuration of NU number of UPFCs is defined with two parameters namely the 
location of UPFCs and their corresponding controllable parameters such as  T V ,  T φ  and 
q I . The construction of particle for PSO implementation is shown in Figure 3. 
 
L1 .. LNU  VT1 .. VTNU  φT1  .. φTNU  Iq1 .. IqNU 
 
Figure 3: Construction of particle. J. Electrical Systems 2-2 (2006): 82-94 
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In Figure 3,  n L  (where  1, 2, nN U = " ) indicates the location of UPFCs. This gives the 
numbers of the transmission lines where the UPFCs are to be located. The condition here is 
only one UPFC can be installed in a line. Hence, a line could appear at the maximum of 
once in  n L . 
Tn V ,  Tn φ  and  qn I  [where  1, 2, nN U = " ] indicate the controllable parameters of UPFC 
to be installed in line  n L . It can be seen that the total length of the particle is 4 NU × . 
  For a given power system, the initial population of particles is selected randomly based 
on the number of UPFCs to be installed and the ranges of the UPFC controllable 
parameters.  
5.2 Methodology 
The step by step algorithm for solving the proposed optimization problem is given 
below. 
Step 1:   The number of UPFCs to be placed and the initial load factor are declared. 
Step 2:  The initial population of individuals is created satisfying the UPFC constraints 
and also it is verified that only one device is placed in each line. 
Step 3:   For each individual in the population, the fitness function given by equation 
(27) is evaluated after running load flow. 
Step  4:   The velocity is updated by equation (23) and new population is created by 
equation (24). 
Step 5:   Steps 3 and 4 are repeated till maximum number of iteration is reached. 
Step 6:   If the final best individual obtained satisfies all the constraints in the problem, 
then increment the load factor and go to step 2. Else, go to next step. 
Step 7:   Print the previous best individual which contains the location and parameters 
of UPFCs with the corresponding load factor. 
Step 8:   Stop the procedure. 
Actually in PSO technique, the initial population of particles for a given load factor and 
number of UPFCs is generated randomly. But, it is found that for some systems, while 
increasing the number of devices, if the results obtained previously are taken into account, 
quick convergence with better solutions is obtained. This optimization strategy has been 
adopted in this paper and it reduces the computational time which is significant especially 
in large systems. 
  In this paper, all loads are increased in the same proportion and it is assumed that the 
increase in real power generation due to this increase in load is met by the generator 
connected to slack bus.  
6. NUMERICAL RESULTS AND DISCUSSION 
  To verify the effectiveness and efficiency of the proposed PSO based loadability 
maximization approach, the IEEE 30-bus power system and the IEEE 118-bus power 
system are used as the test systems. The numerical data for IEEE 30-bus and IEEE 118-bus 
systems are taken from [15]. The simulation studies are carried out on a Pentium - IV, 3.0 – 
GHz system in MATLAB environment. S. T. Jaya Christa & P. Venkatesh: Optimal Placement of Unified Power Flow Controllers ... 
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For the given optimization problem, it is found that, by setting the acceleration 
coefficients c1 and c2  both equal to 2.5, better solutions are got in a reasonable time. 
Although PSO is sensitive to the tuning of parameters, this paper has proved its potential in 
solving complex power system problems. It has been found from the results that, PSO 
quickly finds the high quality optimal solution.  
6.1 IEEE 30-bus system 
  The environment parameters of PSO chosen for IEEE 30- bus system are: 
Number of iterations = 50 
Number of particles = 20 
The results obtained using the proposed method for the IEEE 30-bus system are 
summarized in table I. Figure 4 shows the maximum possible loadability with the given 
number of UPFCs for IEEE 30-bus system. It is observed that the optimal location and 
parameters of UPFCs increase the system loadability. 
Table I gives the optimal location and parameters of UPFCs for different loading factors 
for IEEE 30-bus system. From the results, it is observed that the loadability has been 
increased to 112% by installing an UPFC in line 4 which connects buses 3 and 4. The 
maximum loadability with 2 UPFCs without violating the thermal and voltage constraints is 
154% . For this load factor, the UPFCs are embedded in lines connecting buses 1,2 and 6,7. 
From Figure 4, it is evident that, there is a maximum number of devices beyond which the 
efficiency of the network cannot be further improved. According to the used optimization 
criterion, for IEEE 30 bus system, the maximum number of UPFCs beyond which the 
loadability cannot be increased is 3. 
To demonstrate the superiority of the proposed PSO based approach, simulation results 
have been compared with the results available in literature using Evolutionary 
Programming (EP) method presented in [9]. In [9], a deterministic based method has been 
applied to evaluate the network losses. The network losses are set to 10% of the total losses. 
The objective function framed in [9] includes the loadability term also which is slightly 
different from the objective function used in this paper. In this paper, losses are calculated 
accurately by conducting Newton Raphson method of load flow solution. 
Table I: Optimal location and parameters of UPFCs for different load factors for IEEE 30-bus system 
 
UPFC parameters 
No. of 
UPFCs
Loading 
factor 
Branches 
embedded with 
UPFCs 
T V  
(.. ) pu  
T φ  
(deg)  
q I  
(.. ) pu  
1  1.12  3 – 4  0.2337  67.494  0.0103 
2 1.54  1  –  2  0.1567  89.737  0.0506 
   6  –  7 0.157  102.703  -0.0632 
3 1.85  1  –  2  0.2225  77.223  0.0779 
   8  –  28  0.1386  320.071  -0.0237 
   6  –  7  0.1967  163.981  0.014 
 J. Electrical Systems 2-2 (2006): 82-94 
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Figure 4: Maximum loading factor with respect to given number of UPFCs for IEEE 30-bus system 
Table II summarizes the results as obtained by the two methods for the IEEE 30-bus 
system using their proposed methodologies. The results show that the optimal solutions 
determined by PSO lead to increased loadability of the lines with less number of UPFCs, 
which confirms that PSO based present approach is capable of determining global 
optimal or near global optimal solution.  
  Table II also shows that PSO is faster than EP in speed because of lesser number of 
generations or iterations and smaller population size used by PSO to obtain the optimal 
solution. 
Table II: Comparison of simulation results of IEEE 30-bus system 
  Compared item  EP based method  PSO based method 
Maximum possible loadability  1.795879  1.85 
Number of UPFCs required for 
obtaining the maximum loadability 
4 3 
Total number of generations  100  50 
Population Size  300  20 
 
6.2 IEEE 118- bus system 
The environment parameters of PSO chosen for IEEE 118- bus system are: 
Number of iterations = 100 
Number of particles = 100 
The results obtained using the proposed method for the IEEE 118-bus system are 
summarized in table III. Figure 5 shows the maximum possible loadability with the given 
number of UPFCs for IEEE 118-bus system. 
Table III gives the optimal location and parameters of UPFCs for different loading factors 
for IEEE-118 bus system. From the results, it is evident that the maximum possible 
loadability for the system is 119% with 6 UPFCs. Beyond this limit, the loadability cannot 
be improved with increase in UPFCs. It can also be noted from the results that, for this 
system, always one UPFC is placed in line number 163 connecting buses 100 and 103 for 
achieving maximum loadability of the transmission system. So, when this location of UPFC 
is inserted in any one of the particles of the initial population, while going for higher 
number of UPFCs, convergence is achieved quickly and global optimal solution is 
obtained.  S. T. Jaya Christa & P. Venkatesh: Optimal Placement of Unified Power Flow Controllers ... 
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Table III: Optimal location and parameters of UPFCs for different load factors for IEEE 118-bus 
system 
 
UPFC parameters 
No. of 
UPFCs 
Loading 
factor 
Branches 
embedded with 
UPFCs 
T V  
(.. ) pu  
T φ  
(deg) 
q I  
(.. ) pu  
3  1.105  105 – 106  0.1158  102.101  -0.1381 
    100 – 103  0.1181  108.22  0.0448 
  94  –  100  0.018  40.703  -0.0764 
4  1.17  70 – 75  0.0961  235.881  0.0591 
    100 – 103  0.1298  113.595  0.0031 
   92-94  0.1914  95.948  -0.0119 
   69-77  0.1699  176.013  -0.1265 
5 1.18  100-103  0.1540  137.739  0.0458 
   88-89  0.1155  118.344  0.0491 
  101-102  0.1501  266.626  -0.0875 
  103-110  0.1723  164.221  -0.0159 
   70-75  0.1893  234.477  -0.0399 
6 1.19  100-103  0.1683  42.153  -0.0728 
   54-55  0.1175  153.513  -0.0188 
   92-94  0.1634  107.556  0.1210 
   12-117  0.0757  96.566  -0.0474 
   70-75  0.2864  239.886  0.0335 
   68-81  0.1203  102.325  -0.1139 
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Figure 5: Maximum loading factor with respect to given number of UPFCs for IEEE-118 bus system J. Electrical Systems 2-2 (2006): 82-94 
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Table IV compares the results as obtained by the two methods for the IEEE 118-bus 
system using their proposed methodologies. Results obtained by the proposed PSO based 
method are better than the one observed by the EP based method available in [9] in terms 
of loadability and computation time.  
Table IV: Comparison of simulation results of IEEE 118-bus system 
  Compared item  EP based method  PSO based method 
Maximum 
possible 
loadability 
1.16317 1.19 
Total number of 
generations 
600 100 
Population Size  600  100 
 
Due to the randomness in the PSO technique, the algorithm is executed for 60 trials when 
applied to the test systems. It is found from the results that, PSO shows good consistency in 
obtaining the optimal solutions. 
7. CONCLUSION 
This paper investigates one of the most promising FACTS devices, namely UPFC as 
control agent in a power system. Here, particle swarm optimization is used to determine the 
optimal location and parameters of UPFCs. The system loadability was employed as a 
measure of power system performance. 
Simulation results validate the efficiency of this new approach in maximizing the 
loadability of the system. Furthermore, the location of UPFCs and their parameters are 
optimized simultaneously. Results have shown that, as the number of UPFCs is increased, 
the system loadability also increases up to a limit. It is also observed that for a given 
system, there is a maximum number of UPFCs beyond which the loadability cannot be 
improved. The performance of the proposed method demonstrated through its evaluation on 
the IEEE 30-bus power system and the IEEE 118-bus power system shows that PSO is able 
to undertake global search with a fast convergence rate and a feature of robust computation. 
The proposed algorithm is an effective and practical method for the allocation of UPFCs in 
large power systems. 
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